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An improved method and system for transmitting a stream 
of data bytes through a channel whose capacity may change 
during transmission. By utilization of selective regions of 
sequence number space, the enhanced radio link protocol 
(RLP) provides the benefits of large byte sequence numbers 
while transmitting a fraction, of the sequence number bits in 
the majority of over-the-air frames. Frame header sequence 
numbers are shortened by dividing the byte sequence num- 
ber by a page size, and by performing a modulo function on 
the byte sequence number. 
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RADIO LINK PROTOCOL ENHANCEMENTS Radio Link Protocol (RLP) is described in TIA/EIA/IS- 

FOR DYNAMIC CAPACITY WIRELESS 707-A.8, entitled "DATA SERVICE OPTIONS FOR 

DATA CHANNELS SPREAD SPECTRUM SYSTEMS: RADIO LINK PRO- 
TOCOL TYPE 2", hereinafter referred to as RLP2, and 

BACKGROUND OF THE INVENTION s i ncor porated herein by reference. RLP2 incorporates an 

I. Field of the Invention error control protocol with frame retransmission procedures 

The current invention relates to wireless communications. over lhe Is " 95 frame la y er RLP fe of a class of error 

More particularly, the present invention relates to an protocols known as NAK-based ARQ protocols, which are 

improved method and system for reliably transmitting data wel1 known in the arl - ^ IS " 707 RLP * facilitates the 

through a wireless channel while minimizing the overhead 10 transmission of a byte-stream, rather than a series of voice 

inherent in the error control protocol. frames, through an IS-95 communication system. 

II. Description of the Related Art Several protocol layers typically reside above the RLP 

The use of code division multiple access (CDMA) modu- la y er ' l * ^J"™* f " C ™ m ? l %; ™ co ™f ed 

lation techniques is one of several techniques for facilitating e into a Pomt-To-Point Protocol (PPP) byte stream before 

communications in which a large number of system users are 15 bem S Presented as a byte stream to the RLP protocol layer, 

present. Other multiple access communication system As the RLP layer ignores the protocol and framing of higher 

techniques, such as time division multiple access (TDMA), P rotoco1 la y ers > the stream of data transported by RLP is said 

frequency division multiple access (FDMA) and AM modu- to bc a "fe^reless byte stream". 

lation schemes such as amplitude companded single side- RLP was originally designed to satisfy the requirements 

band (ACSSB) are known in the art. These techniques have 20 of sending large frames through an IS-95 channel. For 

been standardized to facilitate interoperation between equip- example, if an IP datagram of 500 bytes were to be simply 

ment manufactured by different companies. Code division sent in IS-95 frames carrying 20 bytes each, the IP datagram 

multiple access communications systems have been stan- would fill 25 consecutive IS-95 frames. Without some kind 

dardized in the United States in Telecommunications Indus- of error control layer, all 25 of these frames would have to 

try Association TIA/EIA/IS-95-B, entitled "MOBILE be received without error in order for the IP datagram to be 

STATION-BASE STATION COMPATIBILITY STAN- useful to higher protocol layers. On an IS-95 channel having 

DARD FOR DUAL-MODE WIDEBAND SPREAD SPEC- a 1% frame error rate, the effective error rate of the IP 

TRUM CELLULAR SYSTEMS", incorporated by refer- datagram delivery would be (l-(0.99) 25 ), or 22%, This is a 

ence herein, and hereinafter referred to as IS-95. very high error rate compared to most networks used to carry 

IS-95 was originally optimized for transmission of Internet Protoco1 traffic - RLP was desi S ned 35 a 1^ layer 

variable-rate voice frames. In order to support two-way P rotoco1 which would decrease Uie e ™ r rate of IP traffic to 

voice communications, as typified in wireless phone be comparable to the error rate typical of a 10Base2 ethernet 

applications, it is desirable that a communication system channel. 

provide fairly constant and minimal data delay. For this 35 The International Telecommunications Union recently 

reason, IS-95 systems are designed with powerful forward requested the submission of proposed methods for providing 

error correction (FEC) protocols and vocoders which are high rate data and high-quality speech services over wireless 

designed to respond gracefully to voice frame errors. Error communication channels. A first of these proposals was 

control protocols which require frame retransmission pro- issued by the Telecommunications Industry Association, 

cedures add unacceptable delays to voice transmission, so 4Q entitled "The cdma2000 ITU-R RTT Candidate 

are not designed into the IS-95 specification. Submission", and hereinafter referred to as cdma2000. A 

The optimizations which make the standalone IS-95 second of these proposals was issued by the European 

specification ideal for voice applications make it difficult to Telecommunications Standards Institute (ETSI), entitled 

use for packet data applications. In many non-voice "The ETSI UMTS Terrestrial Radio Access (UTRA) ITU-R 

applications, such as the transmission of Internet protocol 45 RTT Candidate Submission", also known as "wideband 

(IP) data, the delay requirements of the communication CDMA" and hereinafter referred to as W-CDMA. A third 

system are much less stringent than in voice applications. In proposal was submitted by U.S. TG 8/1 entitled "The 

the Transmission Control Protocol (TCP), probably the most UWC-136 Candidate Submission", hereinafter referred to as 

prevalent of protocols used in an IP network, virtually EDGE. The contents of these submissions are public record 

infinite transmission delays are allowed in order to guarantee 50 and are we ^ known m tne art - 

error-free transmission. TCP uses retransmissions of IP RLP2 is optimized for use with IS-95B, in which the rate 

datagrams, as IP packets are commonly called, to provide set, derived from channel capacity, and used during a packet 

this transport reliability. data call remains essentially fixed for the duration of the call. 

IP datagrams are generally too large to fit into a single Based on this assumption of fixed rate sets, RLP2 is 

IS-95 frame. Even after dividing an IP datagram into seg- 55 designed with the assumption that retransmitted RLP frames 

ments small enough to fit into a series of IS-95 frames, an can be sent within a maximum of three consecutive RLP 

entire series of IS-95 frames would have to be received segments. The probability that one of three segments is lost, 

without error for the single IP datagram to be useful to TCP. causing the loss of a retransmitted RLP frame, has been 

The frame error rate typical of an IS-95 system make the deemed acceptable by the designers of RLP2. 

probability of error- free reception of all segments of a single 60 In cdma2000, however, the channel capacity available to 

datagram very low. a single user, and hence the maximum data rate used during 

As described in IS-95, alternative service options enable a packet data call, can vary widely and rapidly. For example, 

the transmission of other types of data in lieu of voice during the course of a single cdma2000 call, the supplemen- 

frames. The TIA/EIA/IS-707-A, entitled "DATA SERVICE tal channel capacity used by a packet data service option 

OPTIONS FOR SPREAD SPECTRUM SYSTEMS", here- 65 may vary from 9.6 kilo-bits per second (kbps) to more than 

after referred to as IS -707, describes procedures used in the 307 kbps* In a simple extension of the RLP2, the maximum 

transmission of packet data in an IS-95 system. number of segments used during retransmissions could be 
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increased as necessary to accommodate the change in data the Loss of the entire retransmitted frame. The receiver could 

rates. Because the capacity of a call channel may diminish not negatively-acknowledge (NAK) individual retransmit 

during a call, a full-rate frame transmitted unsuccessfully at segments. If the over-the-air frame error rate were 1%, the 

a high rate might span 30 or more consecutive lower-rate-set probability of successful transmission of 38 consecutive 

cdma2000 segments. The high likelihood that one or more of 5 full-rate RLP2 retransmit segments would be approximately 

those cdma2000 segments makes such a simple extension of 68%. In this scenario, the retransmission of the segments 

the RLP2 largely impractical for use with cdma2000. would often fail, causing data loss and a break in the byte 

RLP2 has been optimized to require minimal protocol stream due to RLP2 resynchronization. Thus, such a simple 

overhead space over the two IS-95 rate sets, known as Rate extension of RLP2 would frequently result in lost data 

Set 1 (RSI) and Rate Set 2 (RS2). The RLP frame sequence 10 whenever a high-capacity full-rate frame had to be retrans- 

numbers in RLP2 are 8 bits long, a size which is ideal for milted over a low-capacity channel, 

computer processing. Since the rate sets specified in One way to accomplish more reliable data retransmission 

cdma2000 include RSI and RS2, it would be highly desir- would be to use a byte sequence number in the RLP header 

able for an RLP designed for cdma2000 (RLP2000) to be at instead of a frame sequence number. Then, upon the loss of 

least as efficient as RLP2 mwhen used at RSI and RS2. 15 a large, high-rate RLP frame followed closely by a decrease 

Because switching RLP protocols whenever the rate set in channel capacity, the data in the lost frame could be 

changes would add complexity to RLP2000, it is desirable divided into small, independent RLP retransmit frames. The 

that a single RLP2000 protocol efficiently support RSI, receiver would not be required to receive 38 consecutive 

RS2, and all the higher cdma2000 data rates without requir- retransmit frames without error. The receiver could accept 

ing resynchronization or substantial protocol complexity. 20 whichever retransmit frames it successfully received and 

simply negatively acknowledge (NAK) any lost retransmit- 

SUMMARY OF THE INVENTION ted frames. Again using an over-the-air frame error rate of 

~, . . , i.i . , 1%, the probability of the same retransmit segment being 

The present invention may be used to design an enhanced , ' • ■ u . 

nT « * ii «= • * ■ * p * * i u ♦ lost twice in a row would be 0.01%. 
RLP to enable efficient transmission of a featureless byte 

stream through a channel of varying capacity. An exemplary 0ne disadvantage of using a byte sequence number 

embodiment of the invention is as efficient as RLP2 when . instead of a frame sequence number is the larger number of 

used over a channel having the same capacity as IS-95 RSI bits in a b y te sequence number to represent the same data, 

and RS2. At the same time, an enhanced RLP, designed in K a b Y te sequence number were used in a 9.6 kbps full-rate 

accordance with the current invention, also enables efficient 30 RLP2 frame > the sequence number would have to be 5 bits 

transmission of data at varying channel capacities up to and lon S er lhan the 8 ' blt frame sequence number. In cdma2000, 

exceeding the maximum specified in cdma2000. The present where chaonel capacity may vary from 9.6 kbps to 32 times 

invention is applicable to any communication system that capacity (approximately 307 kbps), a full-rate 307 kbps 

employing transmission of a byte stream over a wireless frame «mM carry as many as 750 RLP data bytes. The 

channel. The present invention is applicable to systems such « number of bvte sequence number bits necessary to track the 

as cdma2000, W-CDMA, and EDGE, wherein a byte stream same duration of 20-millisecond frames as m RLP2 is at 

may be carried within over-the-air frames specified for use least 18 bits. To make room for an 18-bit byte sequence 

by the wireless communication system. nuraber in a 9 6 kb P s RLP frame > frame L wc ™ ld be able 

™ ~ . - i j. . c ( l t - , to carry two fewer data bytes, a decrease of 10%. 

The efficiency of the embodiments of the invention at 7 3 

varying rates is made possible by changing the interpretation 40 ^ embodiments of the invention provide the benefits of 

of the sequence numbers carried in the RLP protocol header. lar S e b / te sequence numbers while transmitting a fraction of 

In RLP2, sequence numbers are used to denote frame » be sequence number bits in the majority of over-the-air 

numbers. This is appropriate for RLP2, as the channel fr™«. In °ne embodiment of the invention, a 20-bit byte 

capacity used in a packet data call, and hence the maximum sequence number is used to track received data. The number 

number of data bytes carried in a full-rate frame, are both 45 of bytes whlch may be tracked ™ th a set 3 uence mimber 15 

constant. RLP2uses a one-byte frame sequence number, and called the sequence number space. In the case of a 20-bit 

frames are transmitted at 20 millisecond (ms) intervals. sequence number, the size of the sequence number space is 

When an RLP2 frame is lost during transmission, the data of ^ ■ 

the lost frame is segmented into as many as three retransmit Gaining the benefits of a large sequence number without 

segments, each having the same sequence number as the 50 adding to the average frame header size is accomplished by 

original lost frame. carefully selecting portions of the sequence number space 

In trying to adapt RLP2 for use over channels with widely which will go unassigned to transmitted data bytes. In other 

varying capacity, difficulty arises when a frame transmitted words, some of the sequence number space will not be used 

on a high-capacity channel (for example, 307 kbps) must be to track actual transmitted bytes, and may be viewed as 

retransmitted on a low-capacity channel (for example, 9.6 55 wasted. The size of the sequence number is chosen such that 

kbps). Using a frame interval of 20 ms, a full-rate frame on wastage of the sequence number space is permissible with- 

a 307 kbps channel could carry as many as 750 bytes of data. out impacting the performance of the protocol. For example, 

Such a frame could be lost during transmission, and at the ^ a " sequence number is necessary to endure a 

same time, the channel capacity might be reduced to 9.6 5 -second transmission loss on a 307 kbps channel, the use of 

kbps. In RLP2, the capacity of a 9.6 kbps full-rate 20 ms 60 a 20-bit sequence number allows three fourths of the 

frame is 20 bytes. In a simple extension of the maximum sequence number space to go unused without impacting the 

allowable retransmission segments, successful retransmis- maximum allowable length of transmission loss, 

sion of a single frame of 750 bytes of data would require The unused portion of sequence number space is chosen 

successful transmission of approximately 38 consecutive 9.6 such that the first byte of each new transmitted data frame 

kbps full-rate RLP2 retransmit segments. Because all 65 starts at a predetermined distance, called a page size, from 

retransmit segments would have the same sequence number, the first byte of the previous data frame. For example, if the 

the loss of one of those 38 retransmit segments would cause first byte in frame n has a sequence number of 1000, and the 
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page size is 100, the first byte of frame n+1 will start on the FIG. 7 is a flow chart showing the operation of the 

next page with a sequence number of 1100, If frame n only processor in the receiver of FIG. 5. 
carries 40 bytes, numbered 1000 to 1039, then the sequence 

number space from 1040 to 1099 would go unused. The DETAILED DESCRIPTION OF PREFERRED 

motivation to allow the seeming waste of sequence number 5 EMBODIMENTS 

space allows a decrease in the bit size of the sequence FIG. 1 shows how sequence number space is used in an 

number sent in the frame. In the example just shown, the embodiment of the invention. New data 100 to be transmit- 

sequence number could be divided by 100 before inserting t e d is placed into full-rate RLP frame 140. Within RLP frame 

it into the frame, and could therefore be represented by at 140 are a sequence number 150 and the data 100. New data 

least 6 fewer bits. In a preferred embodiment of the 10 102 to be transmitted is placed into full-rate RLP frame 142. 

invention, page sizes are powers of 2, such as 64, to facilitate Within RLP frame 142 are a sequence number 152 and the 

computer software manipulation of sequence numbers. data 102. 

In the previously described scenario, in which a 750 data [f new data 104 has fewer bytes than the maximum for a 

bytes in a high-rate frame are lost, the preferred embodiment full-rate RLP frame, it is placed into non-full-rate RLP frame 

of the invention easily adapts to retransmission on high is ^44 within RLP frame 144 are not only a sequence number 

capacity and low capacity channels alike. In a high capacity 154 and the data 104, but-also a data length 164. As with 

channel, the data is easily retransmitted in one or two RLP2, this embodiment of the invention allows the use of 

retransmit frames. If, however, the capacity of the channel lower-rate frames within a given channel capacity, for 

has decreased, the data bytes to be retransmitted are divided example half-rate frames in a 9600 bps channel, to carry 

among several independent retransmit frames, each having 20 sma ]] e r RLP frames. 

its own sequence number. The use of independent retransmit [n an exemplary embodiment of the invention, each 

sequence numbers has advantages over the segmented seque nce number corresponds to the first byte of the data in 

retransmission specified by RLP2. If a single RLP2 retrans- the RLP f rame The sequence number carried within an RLP 

mit segment is lost in transmission, then all the segments frame ^ called tne RL p sequence number, 

carrying the same sequence number must be again retrans- 25 ^ ^ ^ m transmiUcd k the thfee RLp 

nutted in order to recover the data of the lost segment. In fram£S 14Q U2 ^ U4 feside ncc number 

contrast, if one or more of the independently- numbered no fo m e k embodiment of the invention, 

retransmit frames are lost in transmission, ^the receiver can the nce numben , are b nce numberS; proceed . 

negatively-acknowledge (NAK) the ^dividual lost retrans- { sequentially from low values on the left to high values 

mit frame. After receiving the second NAK, the transmitter 30 qq ^ r[ {n ^ embodiment7 ^ uence num . 

may send the individual retransmit frame for a second time. ber& &rc either ^ Qf ski ^ ^ increase monotonically . 

Again using an over-the-air frame error rate of 1%, the When a predetermineci maximum sequeac e number value is 

probability of the same retransmit frame being lost twice in fcachcd me ncc numbers b in a m at ^to. 

a row is 0.01%. RLP resynchromzation, its associated data , n nynr *a<* ,i_ 

, , . j- *• ■* ■ 1 o « As the data bytes 102 are placed into RLP frame 142, they 

loss, and byte stream discontinuity, is rarely necessary. 35 , . ' . \ , t . e U1 ' * 

' , „ . . , are each assigned sequential byte numbers from a block of 

One disadvantage of using sequence numbers correspond- Qa) numbers n6 Iq an cxem lary cmbodimenl) the 

ing to bytes instead of frames is that more bits are generally flrs( of bk)ck ufi ^ a determined numeric distance 

needed to represent the sequence number. This can cause a 134fl from ^ first b of block m ^ to transmit , hc 

slight increase in the number of independently-numbered ^ RLp frame ^ predetermined distance fe 

retransmit frames needed to carry the data of a lost frame In a size> ^ nce nvmbels within the predetermined 

an exemplary embodiment of the invention, however this distancf , afc coll6ctivel aikA a page . ^ sequence number 

impact is minimized by sometimes omitting most significant b , Qck used to send data a , s(arts at the beginning of a 

and least significant bits from the sequence number. page for examp , ej sequeace number block U2 starts at the 

BRIEF DESCRIPTION OF THE DRAWINGS 45 beginning of page 134a, sequence number block 126 starts 

, . , at the beginning of page 134i, sequence number block 130 

The features objects, and advantages of the present ^ &{ ^ be ^ nni of ^ 4c 0ne side . e ffect of 

invention will become more apparent from the detailed aJ staftin a flew frame at tfae begilining of a page is mat 

description set forth below when taken in conjunction with a block of s e numbers at ^ end of a pagCj for 

the drawings in which like reference characters identify c fc m u% ^ m nQ{ be ^ d tQ tfans _ 

correspondmgly throughout and wherein: miu J dflta byleg 

FIG. 1 is a diagram of sequence number space and its use ln aQ h embodiment of the invention, a short- 
in several new RLP frames in accordance with an embodi- cned RLp number ^ used> which is equaJ to thc 
ment of the invention. byte sequel num ber of the first data byte in the RLP frame 

FIG. 2 is a diagram of sequence number space and its use 55 divided by the page size. The number of bits required to 

in several RLP retransmit frames in accordance with an represent a shortened RLP sequence number is fewer than 

embodiment of the invention. tnc bits requ i red to represent the actual byte sequence 

FIG. 3 is a flow chart of the steps used to transmit a data number, 

frame in accordance with an embodiment of the invention. In anot her embodiment of the invention, the most- 

FIG. 4 is a flow chart of the steps used to extract data from 60 significant bits are also omitted from the byte sequence 

a received data frame in accordance with an embodiment of number when such omission causes no ambiguity about 

the invention. which data is contained in the data portion of the RLP frame. 

FIG. 5 is a diagram of a data communications system For example, if a byte sequence number of 20 bits is used, 

configured in accordance with an embodiment of the inven- but fewer than 2 16 bytes are outstanding (have not been 

tion. 65 explicitly or implicitly acknowledged), the most significant 

FIG. 6 is a flow chart showing the operation of the 4 bits of the byte sequence number need not be sent in the 

processor in the transmitter of FIG. 5. RLP sequence number. These 4 most significant bits can be 
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safely omitted from the RLP sequence number without 
causing ambiguity in the sequence numbers of the bytes 
contained in the frame. 

Though the shortening of the sequence number is por- 
trayed herein as omitting a number of most significant bits 
from the sequence number, one skilled in the art will 
appreciate that the same result may be obtained by perform- 
ing a modulo function on the sequence number without 
departing from the current invention. 

If, however, more than 2 16 bytes are outstanding, it may 
be that more than one of the outstanding data bytes have the 
same shortened RLP sequence number. In an exemplary 
embodiment of the invention, retransmit frames carrying 
such data bytes will include the entire 20-bit sequence 
number. 

When an RLP frame is negatively acknowledged 
(NAK'd) and must be retransmitted, the data is inserted into 
RLP retransmit frames and retransmitted. If the channel 
capacity during retransmission is sufficient, then the retrans- 
mit frame is the same size as the original, lost RLP frame. 
In the case where the retransmit frame and the original RLP 
frame are the same size, the retransmit frame may use the 
same shortened RLP sequence number as the original, as 
long as doing so causes no sequence number ambiguity. 

If an original transmit frame carries more data than will fit 
into a single retransmit frame, as is possible when channel 
capacity decreases, then the data from the original transmit 
frame is divided among several smaller retransmit frames. 
Each retransmit frame contains its own RLP sequence 
number, which may or may not be shortened in one of the 
ways previously discussed. If a retransmit frame is lost 
during transmission, that individual retransmit frame may be 
NAK'd, and subsequently retransmitted. In the rare event 
that channel capacity decreases before a retransmit frame is 
NAK'd, the data in that retransmit frame may be further 
divided among even smaller, independent retransmit frames 
before their second retransmission. 

This procedure differs from RLP2, in which retransmit 
segments corresponding to a single lost frame all carry the 
same RLP sequence number. In order to recover the data in 
a single, lost retransmit segment, all retransmit segments 
carrying the sequence number of the lost frame must again 
be retransmitted. 
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time of transmission of the original RLP frame and the 
retransmission of its data. 

In the example shown, the sequence number space 228 
s used to represent the bytes in the original, lost RLP frame is 
divided among several RLP retransmit frames 230. 
Sequence number space 228 is divided into smaller portions 
220, each having a size less than or equal to the capacity of 
full-rate frames on the current transmit channel. The data 
10 200 corresponding to each of the smaller sequence number 
space portions 220 is placed into an RLP retransmit frame 
230. 

Each RLP retransmit segment has an RLP sequence 
15 number 240 corresponding to the first byte of its respective 
sequence number space 220. For example, sequence number 
240 a has a value representative of the first value in sequence 
number space 220 fl . The RLP sequence number 240 in each 
retransmit frame 230 may optionally be shortened in the 
2(J same ways as discussed for RLP sequence numbers as long 
as doing so causes no sequence number ambiguity. 

Each RLP retransmit frame may optionally have a data 
length 250. The data length 250 carried by each RLP 
retransmit frame indicates the number of data bytes 200 
25 within the frame. For example, data length 250 fl is equal to 
the number of data bytes 200 fl in retransmit frame 230 o . If 
the length of data is indicated in other parts of the retransmit 
frame 230, for example in a type field not shown in the 
figure, the data length field 250 may be omitted. 

30 

Formation of RLP retransmit frames continues until the 
last portion of data 200„ is placed into an RLP retransmit 
frame 230„. The last in a series of RLP retransmit frames 
often contains fewer than the maximum number of data 
35 bytes 200„, and so typically contains a data length 250„. 

In the preferred embodiment of the invention, RLP 
sequence numbers for the most common transmit frames are 
shortened by omitting the least significant bits and most 
significant bits. In an exemplary embodiment of the 
40 invention, the byte sequence number has 20 bits, a page size 
of 64 bytes is used, and the number of outstanding RLP 
transmit frames rarely exceeds 256. 



TABLE 1 

Example RLP Frame Headers 



RLP Frame Header Fields 



Type 
bits 


Bit 0- 
Bil 1 


Bit 2 


Bit 4- 
Bit 3 Bit 7 


Byte 1 


Byte 2 


Byte 3 


Frame Type Descriptions 


n 


8 bit sea # 




Data 






1. New: 8-bit RLP sequence number 


10 


8 bit seq 






. Data 






2. Retransmit: 8-bit RLP sequence number 


01 


8 bit seq 


# 




Len 


Data 




3. New: 8-bit RLP sequence number, 8- bit length 


00 


11 


14 bit 


seq # 




Data 




4. 14-bit RLP sequence number, No length 


00 


10 


14 bit 


seq # 




Len 


Data 


5. 14-bit RLP sequence number, 8-bit length 


00 


01 


14 bit 


seq # 




Length 




6. 14-bit RLP sequence number 16-bit length 


00 


00 


1 


1 20 bit 


seq H 




Len 


7, Retransmit: Move to next page boundary. 


00 


00 


1 


0 20 bit 


seq # 




Len 


8. Retransmit: Don't move to next page boundary 


00 


00 


0 


More formats for NAKs, Status, SYNC, 


9. Extended control/sequence 








ACK, SYNC/ACK, Idle, End of Frame 





FIG. 2. shows the use of byte sequence number space and 
RLP sequence numbers when the data in a lost RLP frame 
must be retransmitted in several smaller RLP retransmit 
frames, and in accordance with an exemplary embodiment 
of the invention. The division of retransmit bytes may be 
necessary when channel capacity is reduced between the 



Table 1 shows the fields of RLP frame headers used in 
accordance with the preferred embodiment of the invention. 
The contents of the frame headers may be placed at the 
65 beginning, the end, or dispersed deterministically through- 
out the RLP frame. In the preferred embodiment of the 
invention, the RLP frame header appears at the beginning of 



11/10/2003, EAST Version: 1.4.1 



US 6,507,582 Bl 

9 10 

each RLP frame. Dispersion of the contents of the header simple extension of RLP2, each retransmit frame using a 

throughout the frame may be desirable if a non-uniform frame type 8 header on a 9.6 kbps channel carries 15 bytes 

probability of bit error exists throughout the RLP frame of data. Using this as an example, the 750 bytes of retransmit 

when received by the receiver. data would be distributed among 50 RLP retransmit frames. 

A varying number of type bits are used to denote RLP 5 In FIG. 2, RLP retransmit frame 230 fl would have a frame 

frame type. Collectively, these type bits form a variable-bit- type 8 header with a 20-bit sequence number of 1000 and a 

length type field, which indicates the type of RLP frame length of 15. With n-50, Frame 230 n _j would have a frame 

being transmitted, as well as the format of the rest of the RLP type 8 header with a 20-bit sequence number of 1720 and a 

header. In Table 1, the "Frame Type Descriptions" column length of 15. The use of frame type 8 indicates to the 

contains a description of the frame type corresponding to io receiver that there are more data bytes assigned to the 

each type field value. The frame type descriptions in the sequence number space between the retransmit frame and 

"Frame Type Descriptions" column are identified with frame the next page boundary. Frame 230„ would have a frame 

type numbers for purposes of discussion. All columns except type 7 header with a 20-bit sequence number of 1735 and a 

the "Frame Type Descriptions" column show fields actually length of 15. The use of frame type 7 in the last retransmit 

contained in the RLP header. 15 frame indicates to the receiver that there is no data assigned 

The type field is followed by the RLP sequence number. t0 the sequence number space between the last byte in the 

When possible without causing sequence number ambiguity, frame and the next P a S e boundary. Any frames of type 7 or 

shortened RLP sequence numbers of 8 bits are used. At other 8 ma y be individually NAK'd and again retransmitted. In a 

times, shortened RLP sequence numbers of 14 bits or full sim P lc improvement of the previous example, a variation of 

20-bit RLP sequence numbers are contained by the RLP 20 frame l yP e 8 has a header with no len S th b y te > lowing the 

header frame to carry 16 bytes of data. 

Shortened RLP sequence numbers of 8 bits are generated Frame ^ 9 carries the control/sequence frames used for 

from the 20-bit byte sequence number corresponding to the synchronization in an RLP protocol. The use of control/ 

first data byte in the frame. A 20-bit byte sequence number sequence frames is described in the detail in the aforemen- 

is converted to an 8-bit shortened RLP sequence number by 25 tioned RLP2. 

omitting the least significant 6 bits and the most significant In frame headers having no length field, the data length is 

6 bits of the byte sequence number. The use of an 8-bit RLP interpreted to be the maximum number of bytes which can 

sequence number is particularly advantageous, as 8-bit num- fit into the remainder of the transmitted frame. In this way, 

bers are more easily manipulated by most modern micro- the enhanced RLP protocol described herein is easily exten- 

p rocessors and in modem so ft ware. In the preferred embodi- 30 sible for use in channels having greater capacity than 

ment of the invention, the enhanced RLP protocol is specified in aforementioned RLP2 or cdma2000. In many 

designed to maximize the number of RLP frames transmitted anticipated extensions, no modification of the enhanced RLP 

with 8-bit RLP sequence numbers. protocol would be necessary to accommodate new channel 

A 20-bit byte sequence number is converted to an 14-b it 35 capacities, 

shortened RLP sequence number by omitting the least The receiver, upon receiving RLP frames in the formats 

significant 6 bits of the byte sequence number. When a 20-bit described herein, use shortened sequence numbers to repro- 

RLP sequence number is to be sent in an RLP frame, the duce the original byte sequence numbers to be applied to the 

20-bit byte sequence number is simply copied into the RLP bytes contained in each RLP frame. When a frame is 

sequence number. 4Q received whose RLP sequence number indicates the loss of 

In the preferred embodiment of the invention, most one or more preceding frames, the receiver sends a NAK to 

frames carrying data to be transmitted for the first time use the transmitter. The NAK frame may optionally specify the 

an 8-bit RLP sequence number. These frame types are number of bits to be used in the RLP sequence number of the 

identified in the "Frame Type Descriptions" column as types corresponding RLP retransmit frame. 

1 and 3. In addition, RLP retransmit frames may also use 45 Though the preferred embodiment of the invention speci- 
8-bit RLP sequence numbers, as indicated by type 2. fies the use of 20-bit byte sequence numbers and 8-, 14-, and 

Frame types 4, 5, and 6 contain 14-bit RLP sequence 20-bit RLP sequence numbers, many other choices of 

numbers. These frames may optionally be used to avoid sequence number sizes may be made without departing from 

sequence number ambiguity in the event that an outstanding the current invention. The use of RLP sequence numbers 

frame has the same 8-bit RLP sequence number as would 50 which enable unambiguous omission of most significant or 

otherwise be used by the next frame to be transmitted. These * least significant portions of the byte sequence number space 

frames may also be optionally used in retransmitting data are objects of various embodiments of the current invention, 

from negatively-acknowledged (NAK'd) frames. as are the selection of page sizes which are powers of 2 and 

Frame types 7 and 8 contain full 20-bit RLP sequence the use of 8-bit shortened RLP sequence numbers, 

numbers. These frames are used when channel capacity 55 FIG. 3 is a flow chart of the steps used to transmit a data 

decreases before NAK'd data can be retransmitted in fewer frame in accordance with an embodiment of the invention, 

retransmit frames. In the start of frame transmission processing 302, the 

Here is an example of the use of retransmit frame types transmitter evaluates 304 whether the transmitter must trans- 

when channel capacity is reduced before retransmission. 750 rnit a new RLP transmit frame or an RLP retransmit frame, 

bytes of data, bearing byte sequence numbers 1000 to 1749, 60 This decision is based on whether NAK frames specifying 

are lost during transmission of a single RLP transmit frame lost transmitted data have been received previously, 

on a 307 kbps channel. By the time the receiver sends a Before forming a transmit frame, a transmit data buffer or 

NAK frame back to the transmitter, the channel capacity has queue is inspected to determine 306 whether the transmitter 

been reduced to 9.6 kbps. The 750 bytes of lost data must has new data to send. If there is no data which needs to be 

now be retransmitted over a 9.6 kbps channel. In using FIG. 65 sent, an idle frame is formed 308 and transmitted 326. The 

2 to represent this scenario, sequence number space 228 is use of SYNC, ACK, and IDLE frames is detailed in the 
the range of sequence numbers from 1000 to 1749. In a aforementioned RLP2. In one embodiment of the invention, 
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idle frames are placed in smaller, lower-data-rate over-the- received RLP data frame which is not a retransmission, or of 

air frames to minimize the air link capacity impact of the idle a received RLP idle frame, is different by greater than a page 

frame transmission. In alternative embodiments of the from the sequence number of the latest previous data byte 

invention, idle frames may not be transmitted at all, or are successfully received, then the loss of one or more lost RLP 

sent less frequently than every frame period. 5 data frames has occurred. 

If it is determined 306 that the transmitter has new data to ^ a f orem entioned RLP2 protocol describes the use of 

send, the transmitter then evaluates 308 whether the data timers and frame in determining the loss of retrans- 

may be in a frame having an 8-bit RLP sequence number miUed RLp frames techni are also used in 

wxthout causing sequence number ambiguity, f an 8-but embodimcnts of mc currcnt invention . 

sequence number causes no ambiguity, then an RLP transmit in Ir , t . % t AA . . 

t-^ , . o ... nT n 0 mU ■ r . JU Upon determinmg that data has been lost 406, the receiver 

frame having an 8-bit RLP sequence number is formed 314 ^ & > 

* t .7: . Tf u r j . u . ♦ u~ „~ ♦ forms and sends a NAK frame 408 to request retransmission 

and transmitted 326. If the number of data bytes to be sent * , , T 1 

is less than the maximum for a full-rate frame, the frame ° f the lost data " In ™ al ! ctnat6 u 6mb °^ T m A 6 " t f of thc 

formed 314 will have a length field. If the number of data ^ rece.ver may specify, within the NAK frame, a reduced 

• , . . , • „ i ■ 4t_ • ™ t number or bits to be used in the RLP sequence numbers 

bytes to be sent is greater than or equal to the maximum for 1( - , ; " _ ~ I / : J 4 , 

a fuU-rate frame, then that maximum number of data bytes ™ thl ° ^transmitted RLP frames based on the receiver s 

is inserted into a full-rate frame 314, and that frame is knowledge^of byte sequence number space of bytes success- 

transmitted 326. The RLP sequence number inserted into " 

new transmit frames at steps 312 or 314 is generated from u P on determining that data has not been lost 406, the 

the byte sequence number beginning the next unused page. 20 receiver forms and sends RLP idle or RLP data frames as 

If the transmitter determines 304 that the transmitter must ajpropriate. In alternative embodiments of the invention, 

transmit an RLP retransmit frame, then the next step is to f e frames may not be transmitted at all, or are sent less 

determine 322 whether a full 20-bit RLP sequence number frequently than every frame period, 

is required in the next RLP retransmit frame. A full 20-bit FIG - 5 1S a diagram of a data communications system 

RLP sequence number is required if the data to be retrans- 25 configured in accordance with an embodiment of the mven- 

mitted must be retransmitted in more RLP frames than were Hon. As shown, transmitter 502 communicates with receiver 

used to originally transmit the data, as is possible when 504 over a wireless communication channel 506. RLP data 

channel capacity is decreased in-between traasmission and frames and control frames are sent from transmitter 502 to 

retransmission. If the next frame must be sent with a 20-bit receiver 504 along channel 506a, and RLP acknowledge- 

RLP sequence number, then an RLP retransmit frame is 30 mems or NAK's are sent from receiver 504 to transmitter 

formed and filled with data 324, and transmitted 326 with an 5 <>2 along channel 506b. During transmission, the capacity 

RLP sequence number corresponding to the first byte of data of transmission channel 506 may change, sometimes requir- 

in the RLP retransmit frame. If the transmitter determines ™Z retransmission of data over a channel of lesser capacity 

322 that a 20-bit RLP sequence number is not necessary, than used in the original transmission, 

then the transmitter must then choose 318 between the use 35 For example, a large, full-rate RLP data frame may be sent 

of an 8-bit or a 14-bit RLP sequence number for the next by transmitter 502 over channel 506a, but not received 

retransmitted RLP frame. Once the determination of successfully by receiver 504. Then, the capacity of channel 

required sequence number bit-size is complete 318, the 506 is reduced either shortly before or shortly after receiver 

transmitter forms an RLP transmit frame with an 8-bit RLP 504 sends a NAK frame for the lost data on channel 5066. 

sequence number 320, or forms an RLP transmit frame with 40 Transmitter 502 must now distribute the data bytes from the 

a 14-bit RLP sequence number 316 and transmits the frame original lost full-rate RLP data frame among several smaller 

326, In either case 316 or 320, the RLP sequence number RLP frames for retransmission over reduced-capacity chan- 

inserted into the frame will be generated from the byte nel 5066. If receiver 504 determines that one or more 

sequence number corresponding to the first byte of the data retransmitted RLP frames have been lost upon retransmis- 

contained in the frame. That byte sequence number will be 45 sion over reduced-capacity channel 506a, receiver 504 may 

the first byte sequence number of a sequence number page, individually NAK those individual lost retransmit frames 

If necessary to avoid ambiguity about data size, the RLP over channel 5066. 

header of the retransmitted RLP frame will contain a length In an exemplary embodiment of the invention, transmitter 

field. 502 includes a processor 508 connected to a memory 510 

FIG. 4 is a flow chart of the steps used to extract data from 50 and an apparatus for wirelessly transmitting and receiving 

a received data frame in accordance with an embodiment of bytes processed by the processor 508. The processor 508 is 

the invention. Upon receiving an RLP data frame or an idle provided with a byte stream to be transmitted over the 

frame containing an RLP sequence number 402, the receiver transmit apparatus and forms transmissions in accordance 

expands the received RLP sequence number from the RLP with the enhanced radio link protocol (RLP) described 

frame as necessary to form a byte sequence number, and 55 hereinbefore. 

extracts any data bytes from the frame 404. The receiver In an exemplary embodiment of the invention, receiver 

then determines 406, from that byte sequence number 504 includes a processor 514 connected to a memory 516 

whether RLP frames carrying data have been lost. and an apparatus for wirelessly transmitting and receiving 

In an exemplary embodiment of the invention, the deter- bytes processed by the processor 514. The processor 514 is 

mination of lost data is made by comparing the byte 60 provided with received data received from the receive 

sequence number indicated by the most recently received apparatus and forms response frames for transmission in 

RLP data frame to the byte sequence number corresponding accordance with the enhanced radio link protocol (RLP) 

to the byte sequence number of the latest previous data byte described hereinbefore. 

successfully received. For example, the last byte of a FIG. 6 is a flowchart showing the operation of the 

received RLP data frame which is not a retransmission is 65 processor 508. In step 602, a sequence number is assigned 

considered the latest previous data byte successfully from a subset of a predetermined sequence number space to 

received. If the byte sequence number expanded from a a set of information bytes. In step 604, a shortened sequence 
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number is generated from the sequence number of the subset 
by dividing the sequence number by a predetermined page 
size. In step, 606 the shortened sequence number is formated 
into a frame header of a transmit frame. In step 608, the 
transmit frame with the frame header, and the set of infor- 5 
mation bytes are transmitted. 

FIG. 7 is a flow chart showing the operation of the 
processor 514. In step 702, the shortened sequence number 
from the received frame of the frame header can be 
extracted. In step 704, an unshortened sequence number can 10 
be generated by multiplying the shortened sequence number 
by a predetermined page size. In step 706, sequence num- 
bers can be assigned from a subset of a predetermined 
sequence number space to each of the information bytes in 
the received frame. In step 708, a stream of information 15 
bytes can be formed based on the sequence numbers. 

the previous description of the preferred embodiments is 
provided to enable any person skilled in the art to make or 
use the present invention. The various modifications to these 
embodiments will be readily apparent to those skilled in the 20 
art, and the generic principles defined herein may be applied 
to other embodiments without the use of the inventive 
faculty. Thus, the present invention is not intended to be 
limited to the embodiments shown herein but is to be 
accorded the widest scope consistent with the principles and 25 
novel features disclosed herein. 

What is claimed is: 

1. A method for transmitting a stream of information bytes 
comprising the steps of: ^ 

a) assigning sequence numbers from a subset of a prede- 
termined sequence number space to each of a set of 
information bytes from said stream of information 
bytes; 

b) generating a first shortened sequence number from a 35 
first sequence number of said subset by dividing said 
first sequence number by a predetermined page size; 

c) formatting said first shortened sequence number into a 
frame header of a transmit frame; and 

d) transmitting said transmit frame with said frame header 40 
and said set of information bytes. 

2. The method of claim 1 wherein said step of generating 
said first shortened sequence number further comprises the 
step of performing a modulo function of said first sequence 
number using a predetermined modulo function base. 45 

3. A method for receiving a stream of information bytes 
comprising the steps of: 

a) extracting from the frame header of a received frame a 
shortened sequence number; ^ 

b) -generating a first unshortened sequence number by 
multiplying said shortened sequence number by a pre- 
determined page size; 

c) assigning sequence numbers from a subset of a prede- 
termined sequence number space to each of a set of 55 
information bytes contained in said received frame; and 

d) forming said stream of information bytes from said sets 
of information bytes based on said sequence numbers. 

4. The method of claim 3 wherein said step of generating 
said first unshortened sequence number further comprises $q 
the step of performing a modulo function of said first 
sequence number using a predetermined modulo function 
base. 

5. A system for transmitting a stream of information bytes 
comprising: 65 

a) a transmitter for generating shortened radio link pro- 
tocol (RLP) sequence numbers comprising quotients of 
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unshortened RLP sequence numbers divided by a pre- 
determined page size and transmitting data frames 
containing said shortened RLP sequence numbers and 
portions of said stream of information bytes; and 
b) a receiver for receiving said data frames and recon- 
structing said stream of information bytes from said 
portions based on said shortened RLP sequence num- 
bers. 

6. Asystem for transmitting a stream of information bytes 
comprising: 

a) transmitter means comprising a first processor and first 
memory for generating shortened radio link protocol 
(RLP) sequence numbers comprising quotients of 
unshortened RLP sequence numbers divided by a pre- 
determined page size and transmitting data frames 
containing said shortened RLP sequence numbers and 
portions of said stream of information bytes; and 

b) receiver means comprising a second processor and 
second memory for receiving said data frames and 
reconstructing said stream of information bytes from 
said portions based on said shortened RLP sequence 
numbers. 

7. A transmitter comprising a processor connected to a 
memory, the memory containing computer-executable 
instructions embodying a method for transmitting a stream 
of information bytes, the method comprising: 

assigning sequence numbers from a subset of a predeter- 
mined sequence number space to each of a set of 
information bytes from said stream of information 
bytes; 

generating a first shortened sequence number from a-first 
sequence number of said subset by dividing said first 
sequence number by a predetermined page size; 

formatting said first shortened sequence number into a 
frame header of a transmit frame; and 

transmitting said transmit frame with said frame header 
and said set of information bytes. 

8. The transmitter of claim 7, wherein said generating 
further comprises performing a modulo function of said first 
sequence number using a predetermined modulo function 
base. 

9. A receiver comprising a processor connected to a 
memory, the memory containing computer-executable 
instructions embodying a method for receiving a stream of 
information bytes, the method comprising: 

extracting from the frame header of a received frame a 
shortened sequence number; 

generating a first unshortened sequence number by mul- 
tiplying said shortened sequence number by a prede- 
termined page size; 

assigning sequence numbers from a subset of a predeter- 
mined sequence number space to each of a set of 
information bytes contained in said received frame; and 

forming said stream of information bytes from said sets of 
information bytes based on said sequence numbers. 

10. The transmitter of claim 9, wherein said generating 
further comprises performing a modulo function of said first 
sequence number using a predetermined modulo function 
base. 

11. A transmitter for transmitting a stream of information 
bytes, the transmitter comprising: 

means for assigning sequence numbers from a subset of a 
predetermined sequence number space to each of a set 
of information bytes from said stream of information 
bytes; 



11/10/2003, EAST Version: 1.4.1 



US 6,507,582 Bl 



15 



means for generating a first shortened sequence number 
from a first sequence number of said subset by dividing 
said first sequence number by a predetermined page 
size; 

means for formatting said first shortened sequence num- 5 
ber into a frame header of a transmit frame; and 

means for transmitting said transmit frame with said 
frame header and said set of information bytes. 

12. A receiver for receiving a stream of information bytes, 
the receiver comprising: 

means for extracting from the frame header of a received 
frame a shortened sequence number; 
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means for generating a first unshortened sequence number 
by multiplying said shortened sequence number by a 
predetermined page size; 

means for assigning sequence numbers from a subset of a 
predetermined sequence number space to each of a set 
of information bytes contained in said received frame; 
and 

means for forming said stream of information bytes from 
said sets of information bytes based on said sequence 
numbers. 
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